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Description 

RADIO COMMUNICATION METHOD AND RADIO COMMUNICATION DEVICE 
Technical Field 

5 [0001] The present invention relates to a radio 

communication method and a radio communication device when 
performing ad hoc communication in a radio communication 
network. 
Background Art 

10 [0002] Conventional radio communication methods and 

radio communication devices for performing ad hoc 
communication include those disclosed in JP-A-2003-229869 . 
Fig. 20 shows a radio communication method described in 
JP-A-2003-229869. 

15 [0003] In Fig. 20, a radio communication device sets a 

notification cycle of management information at a 
predetermined time interval and transmits management 
information in which reception timing information indicating 
a start position for receiving it own information, reception 

20 window information, and reception cycle information are 
written. Another radio communication device which could 
receive the management information associates it with a 
communication device number of the applicable radio 
communication device and stores the reception timing, the 

25 reception window and the reception cycle . When transmitting 
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information, the reception start position of the correspondent 
communication device is found from the reception timing, the 
reception window and the reception cycle of the correspondent 
node, and information is sent at the timing. 
5 [0004] However, in the above conventional method, a 

reception window for receiving transmission requests is 
designated, and therefore there is a problem that transmission 
requests from plural radio communication devices are 
concentrated in the reception window and the possibility that 
10 the device cannot correctly receive the transmission request 
may increase . 

[0005] Also, since communication requests or 

communication responses which are not addressed to the device 
do not coincide with its reception window, it cannot receive 

15 them. Therefore, there is a problem that the device cannot 
know time slots of the extended reception windows in which other 
radio communication devices receive data, and as a result, 
possibility that the device transmits data at such time slots 
may increase . 

20 Disclosure of the Invention 

[0006] An object of the invention is to provide a radio 

communication method and a radio communication device which 
can avoid communication collision with other radio 
communication devices . 

25 [0007] A radio communication method of the invention 
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includes a step in which a first radio communication device 
sends communication time reservation request inf ormat ionwhich 
is addressed to a second radio communication device, and in 
which a time slot when transmitting data to the second radio 
5 communication device is written, to the second radio 
communication device, a step in which the second radio 
communication device sends communication time reservation 
response information in which notification of the reception 
of the communication time reservation request information is 

10 added to the communication time reservation request 
information , a step in which a third radio communication device 
which has received the communication time reservation request 
information from the first radio communication device or the 
communication time reservation response information from the 

15 second radio communication device or both stores the time slot 
written in the communication time reservation request 
information or the communication time reservation response 
information as a transmission prohibited time slot, and a step 
in which the third radio communication device decides a time 

20 slot in which its own transmission and reception are possible 
based on the stored transmission prohibited time slots. 
[0008] According to this, the first radio communication 

device or the second radio communication device does not 
receive interfering radio waves from the third radio 

25 communication device during data communication, and therefore 
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the second radio communication device can receive data from 
the first radio communication device correctly. 
[0009] In the radio communication method of the invention, 

the third radio communication device prohibits transmission 
5 in all time slots written in the stored communication time 
reservation request information or the communication time 
reservation response information. 

[0010] According to this, when the third radio 

communication device performs data communication, it avoids 

10 communication time slots received from plural first radio 
communication devices or plural second radio communication 
devices, and therefore the second radio communication device 
can receive data correctly without interference even when there 
are plural first radio communication devices and plural second 

15 radio communication devices. 

[0011] The time slot in the radio communication method 

of the invention is notified by giving the data- transmission 
start time and the data- transmission dedicated time. 
[0012] In this way, the third radio communication device 

20 can learn the period of time from the start until the end of 
data communication from the first radio communication device 
or the second radio communication device, and therefore the 
device can avoid its data communication during this 
communication period. Accordingly, the second radio 

25 communication device can receive data from the first radio 
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communication device throughout the communication period* 
[0013] In the radio communication method of the invention, 

the first radio communication device transmits a communication 
request signal RTS including communication time reservation 
5 request information and the second radio communication device 
transmits a communication confirmation signal CTS including 
communication time reservation response information. 
[0014] Accordingly, the start time of data communication 

can be set arbitrarily. 

10 [0015] In the radio communication method of the invention, 

the communication time reservation request information and the 
communication time reservation response information further 
include information of a channel used for communication, in 
which even when the time slot of transmitting data registered 

15 in the communication prohibition table is the same, in the case 
that the channel whereby the first radio communication device 
performs transmission is different from information of the 
communication prohibition table, the request of communication 
time reservation and the data transmission are possible. 

20 [0016] In this way, multi-channel communication in the 

same area and the same time is possible. 

[0017] The radio communication method of the invention 

further includes a step in which the first radio communication 
device transmits data to the second radio communication device 
25 in the time slot of which the second radio communication device 
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has been notified, a step in which the second radio 
communication device detects collisions while receiving data, 
a step in which the second radio communication device notifies 
the collision to the first radio communication device when the 
5 number of times of collisions is more than or equal to a 
prescribed number of times, and a step in which the first radio 
communication device, when receiving the notification of 
collision, transmits communication time reservation request 
information addressed to the second radio communication device, 
10 in which the time slot for transmitting data is set to be a 
time slot different from the previous one. 

[0018] According to this, even when a collision occurs, 

the first radio communication device designates a different 
time slot and transmits data again, so that the second radio 

15 communication device can acquire data without fail. 

[0019] The radio communication method of the invention 

further includes a step in which the first radio communication 
device transmits data in the time slot which has been notified 
to the second radio communication device, a step in which the 

20 second radio communication device detects collisions while 
receiving data, a step in which the second radio communication 
device notifies to the first radio communication device of the 
collisions when the number of times of collisions per unit time 
is more than or equal to the prescribed number of times, a step 

25 in which when the first radio communication device receives 
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the notification of collisions, it requests the second radio 
communication device to specify a time slot in which 
transmission is prohibited or a time slot in which transmission 
is permitted, a step in which the second radio communication 
5 device, when receiving the request, transmits the transmission 
prohibited time slot or the transmission-permitted time slot 
to the first radio communication device and a step in which 
the first radio communication device selects a time slot which 
satisfies the conditions prescribed by the transmission 

10 prohibited time slot or the transmission-permitted time slot 
received from the second radio communication device, and 
notifies the time slot to the second radio communication device 
as communication time reservation request information, 
[0020] According to this, the first radio communication 

15 device can know the time slot when the second radio 
communication device can receive signals without interference, 
and therefore the first radio communication device can set the 
time slot when the second radio communication device can 
receive signals without fail, thereby performing 

20 transmission. 

[0021] The radio communication method of the invention 

further includes a step in which when the first radio 
communication device transmits the communication time 
reservation request information to the second radio 

25 communication device, the second radio communication device 
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detects that the information overlaps with communication time 
reservation request information of another radio 
communication device which has been received as a third radio 
communication device, a step in which when the second radio 
5 communication device detects a collision, it adds information 
indicating the overlap to the communication time reservation 
response information, a step in which the first radio 
communication device transmits data to the second radio 
communication device, a step in which when the first radio 

10 communication device has detected the above information 
indicating the overlap, it detects the collision by confirming 
that a response to the data has not returned, a step in which 
the first radio communication device, when the number of times 
of collisions per unit time is more than or equal to the 

15 prescribed number of times, inquires of the second radio 
communication device as to the time when the first radio 
communication device does not collide, and a step in which the 
first radio communication device transmits communication time 
reservation response information in accordance with the 

20 notification of the collision-free time slot given in response 
to the inquiry by the second radio communication device. 
[0022] Also according to this, the first radio 

communication device can know the time slot in which the second 
radio communication device can receive without interference, 

2 5 and therefore the first radio communication device can perform 
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transmission by setting the time slot when the second radio 
communication device can receive signals without fail. 
[0023] The radio communication method of the invention 

further includes a step in which when the transmission 
5 prohibited time slot decided based on the communication time 
reservation request information or communication time 
reservation response information or both which are not 
addressed to the second radio communication device overlaps 
with a time slot in which communication addressed to the second 

10 radio communication device is reserved, from that time onward, 
the second radio communication device forwards communication 
time reservation request information and communication time 
reservation response information not addressed to the second 
radio communication device which are received to radio 

15 communication devices in the transmit table area. 

[0024] The radio communication method of the invention 

further includes a step in which the first radio communication 
device transmits data in the time slot which has been notified 
to the second radio communication device, a step in which the 

20 second radio communication device detects collisions while 
receiving data, a step in which the second radio communication 
device notifies the first radio communication device as to the 
collision and as to a transmission prohibited time slot or a 
transmission-permitted time slot, and a step in which when the 

25 first radio communication device receives the collision 
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notification, it selects a time slot which satisfies the 
prescribed conditions of the transmission prohibited time slot 
or the transmission-permitted time slot received from the 
second radio communication device and notifies the second radio 
5 communication device as to the time slot in the form of 
communication time reservation request information. 
[0025] According to this, the first radio communication 

device can know the time slot when the second radio 
communication device can receive signals without interference, 

10 and therefore the first radio communication device can set a 
time slot when the second radio communication device can 
receive signals without fail and thereby perform transmission. 
[0026] In the radio communication method of the invention, 

the second radio communication device detects the collision 

15 by the fact that data has not been received in the time slot 
when the transmission prohibited time slot calculated based 
on the received communication time reservation request 
information or communication time reservation response 
information or both which are not addressed to the second radio 

20 communication device overlaps the time slot of communication 
reservation addressed to the second radio communication 
device . 

[0027] According to this, the second radio communication 

device can detect a collision with the data transmission 
25 reservation time slot . 
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[0028] In the radio communication method of the invention, 

when the number of detected collisions is less than the 
prescribed number, the second radio communication device stops 
notifying its transmission prohibited time slot or its 
5 transmission-permitted time slot to the first radio 
communication device . 

[0029] In the radio communication method of the invention, 

when the ratio between the transmission prohibited time slot 
and the transmission-permitted time slot is less than or equal 
10 to the prescribed value, the second radio communication device 
stops notifying the transmission prohibited time slot or the 
transmission-permitted time slot to the first radio 
communication device . 

[0030] According to these, if the collision frequency is 

15 decreased, that communication is substantially possible, and 
the notification from the second radio communication device 
is not performed, so that communication can be performed 
without changing the time for data transmission. 
[0031] A radio communication device of the invention 

20 includes a receiving unit receiving radio communication data, 
a communication data identification unit identifying from the 
received radio communication data the radio communication data 
which includes communication time reservation request 
information in which a time slot when a source radio 
25 communication device will transmit data is written, a 
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communication information analysis unit extracting an 
identifier of the source radio communication device and the 
data transmission reservation time slot from the communication 
time reservation request information of the identified radio 
5 communication data, a communication reservation table in which 
the communication information analysis unit records the 
identifier and reservation time slot, associating them with 
one another, when the destination of the data is the receiving 
radio communication device, a communication/response 

10 information generation unit generating communication time 
reservation response information in which information 
notifying that there will be proper communication is added to 
the communication time reservation request information, and 
a transmitting unit transmitting the generated communication 

15 time reservation response information. 

[0032] According to this, the response including reserved 

communication time information is transmitted, and therefore 
the use of the time slot can be notified to a radio communication 
device which has made the communication request and radio 

20 communication devices in a transmittable area. 

[0033] The radio communication device of the invention 

further includes a communication prohibition table in which 
the communication information analysis unit records the 
identifier, the reservation time slot and the destination of 

25 radio communication data, associating them with one another. 
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when the destination of radio communication data is not the 
receiving radio communication device, in which the response 
information generation unit generates communication time 
reservation response information to which notice of 
5 communication prohibition is added when the received radio 
communication data addressed to the receiving radio 
communication device contains reservation of communication in 
a time slot which overlaps with a time slot recorded in the 
communication prohibition table. 
10 [0034] According to this, transmission is performed 

avoiding the time slot in which communication is reserved, and 
therefore communication can be performed without 
interference . 

[0035] The radio communication device of the invention 

15 further includes a communication data generation unit 
generating transmission data addressed to another radio 
communication device and a communication information 
generation unit generating communication time reservation 
request information including a transmission time slot, 
20 deciding upon a time slot other than those recorded in the 
communication prohibition table as the transmission time slot 
for transmission of data generated by the communication data 
generation unit, and the transmitting unit transmits the 
communication time reservation request information to a 
25 destination radio communication device. 
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[0036] According to this, a time slot where no 

interference will be received can be reserved for transmission. 
[0037] The radio communication device further includes 

an event timer, which receives the notification of the 
5 transmission time from the communication information 
generation unit, and gives notice to the communication data 
generation unit that the transmission time has expired, and 

■ 

a communication data generation unit , which when it receives 
this notification generates communication data and transmits 
10 the data to the destination radio communication device. 

[0038] According to this, transmission can be started at 

the reserved time. 

[0039] In the radio communication device, the 

communication time reservation request information and the 

15 communication time reservation response inf ormation further 
include information of the channel to be used for communication, 
and even if the time slot of data transmission recorded in the 
communication prohibition table by the communication 
information analysis unit overlaps the requested time, the 

20 request of communication time reservation and data 
transmission are possible when the channel whereby the first 
radio communication device performs transmission is different 
from information of the communication prohibition table. 
[0040] According to this, only the time slot which affects 

2 5 the channel used by that radio communication device and which 
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is reserved by another radio communication device is recorded, 
and therefore the communication channel of itself can be used 
efficiently. 

[0041] According to the invention, plural radio 

5 communication devices can perform radio communication without 
interfering with one another. 
Brief Description of the Drawings 
[0042] 

[Fig. 1] Fig. 1 is a view showing a configuration of a radio 
10 communication network according to an embodiment 1 of the 
invention . 

[Fig. 2] Fig. 2 is a diagram showing a configuration of a 
radio communication device according to the embodiment 1 of 
the invention. 

15 [Fig. 3] Fig. 3 is a table showing an RTS frame format 
according to the embodiment 1 of the invention. 
[Fig. 4] Fig. 4 is a table showing a CTS frame format 
according to the embodiment 1 of the invention. 
[Fig. 5] Fig. 5 is a table showing a Keep Alive frame format 

20 according to the embodiment 1 of the invention. 

[Fig. 6] Fig. 6 is a table showing a data frame format 
according to the embodiment 1 of the invention. 
[Fig. 7] Fig. 7 is a view showing communication sequences 
between radio communication devices according to the 

25 embodiment 1 of the invention. 
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[Fig. 8] Fig. 8 is a table showing a communication 
prohibition table according to the embodiment 1 of the 
invention. 

[Fig. 9] Fig. 9 is table showing a communication 
5 reservation table according to the embodiment 1 of the 
invention . 

[Fig. 10] Fig. 10 is a flow chart showing operations in which 
the radio communication device transmits an RTS signal 
according to the embodiment 1 of the invention. 

10 [Fig. 11] Fig. 11 is a flow chart showing reception 
operations performed by the radio communication device 
according to the embodiment 1 of the invention. 
[Fig. 12] Fig. 12 is a flow chart showing a CTS frame 
processing performed by the radio communication device 

15 according to the embodiment 1 of the invention. 

[Fig. 13] Fig. 13 is a flow chart showing an RTS frame 
processing performed by the radio communication device 
according to the embodiment 1 of the invention. 
[Fig. 14] Fig. 14 is a diagram showing a configuration of 

20 a radio communication device according to an embodiment 2 of 
the invention. 

[Fig. 15] Fig. 15 is a diagram showing a configuration of 
a radio communication device according to an embodiment 3 of 
the invention . 

25 [Fig. 16] Fig. 16 is a flow chart showing an RTS frame 
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processing performed by the radio communication device 
according to the embodiment 3 of the invention. 
[Fig. 17] Fig. 17 is a flow chart showing an RTS frame 
processing performed by a radio communication device according 
5 to an embodiment 4 of the invention. 

[Fig. 18] Fig. 18 is a view showing an operational principle 
of the radio communication method according to the embodiment 
1 of the invention. 

[Fig. 19] Fig. 19 is a flow chart showing an operation flow 
10 of a transmitting radio communication device according to an 
embodiment 5 of the invention. 

[Fig. 20] Fig. 20 is a view showing a radio communication 
method in a conventional example. 
Description of Reference Numerals 
15 [0043] 

101, 102, 103, 104 radio communication device 

111, 112, 113, 114 communicable area 

200 antenna 

201 receiving unit 

20 202 communication data identification unit 

203 application unit 

204 communication information analysis unit 

205 communication prohibition table 

206 communication reservation table 

25 207 communication/response information generation 
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unit 

209 event timer 

210 communication data generation unit 

211 transmitting unit 

1401 narrowband transmitting unit 

1402 narrowband receiving unit 

1501 collision counter 

1502 nCTS counter 

Best Mode for Carrying Out the Invention 

[0044] Hereinafter, embodiments of the invention will be 

explained with reference to the drawings. 
[0045] (Embodiment 1) 

Fig. 1 is a view showing a configuration of a radio 
communication network according to embodiments of the 
invention . 

[0046] In Fig. 1, radio communication devices 101 to 104 

perform a multi-access system Ultra Wide Band (UWB) radio 
communication with other radio communication devices in 
communicable areas 111 to 114, transmitting data to the whole 
communicable area by a non -directional antenna. The radio 
communication devices 101 to 104 can freely move in space. 
[0047] Fig. 2 is a block diagram showing a configuration 

of the radio communication devices 101 to 104. 
[0048] In Fig. 2, a receiving unit 201 converts analog 

signals received from an antenna 200 into digital signals to 
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generate frames, and always is in a receivable state. A 
transmitting unit 211 converts digital signal frames into 
analog signals and transmits the signals from the antenna 200. 
The antenna 200 is a non-directional antenna, and radiates 
5 radio waves in the communicable area. 

[0049] A communication data selection unit 202 identifies 

the type of the frame received by the receiving unit 201 from 
the antenna 200. Frame types include a communication request 
RTS frame (hereinafter, referred to as an "RTS frame"), a 
10 communication confirmation signal CTS (hereinafter, referred 
to as a "CTS frame" ) , a communication non-confirmed signal nCTS 
(hereinafter, referred to as an "nCTS frame"), a data frame, 
and a Keep Alive frame. 

[0050] Here, each frame will be explained. 

15 [0051] Fig. 3 shows a RTS frame format. 

[0052] In Fig. 3, a frame control 301 is identification 

information of a frame, and a unique code for the RTS frame 
is set therein. Duration 302 indicates the permissible time 
in which reception of the CTS frame as a response frame for 

20 the RTS frame is accepted. Source station ID 303 identifies 
the source radio communication device, and the MAC address is 
set therein. Receiving station ID 304 identifies the 
transmission destination, and the MAC address of the 
destination radio communication device is set therein. Number 

25 of entries 305 indicates the number of a data transmission time 
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slots to be reserved, and a frame ID 306 identifies the RTS 
f rame • 

[0053] Transmission start time 307 and transmission 

occupied time 308 respectively indicate the time from a point 
5 of CTS reception until the start of transmission of a data frame, 
and the time dedicated to communication. A collision (CO) bit 
309 indicates a collision; however, it is not used in the RTS 
frame. A channel number (CH) 310 designates the channel used 
for communication of the data frame. 
10 [0054] Fig. 4 shows a frame format of a CTS frame and an 

nCTS frame . 

[0055] In Fig. 4, in the case of the CTS frame, reception 

start time 401 and reception dedicated time 402 indicate the 
time until the start of transmission of the data f rame notified 

15 by the RTS frame and the time dedicated to the transmission. 
In the case of the nCTS frame, they indicate the time from the 
time of transmission of CTS which permits reception designated 
by the receiving radio communication device until the start 
of reception of the data frame, and the time occupied by the 

20 reception. 

[0056] In the case of the CTS frame, the collision bit 

(CO) 309 indicates that there is an time slot overlap of a 
communication -prohibited time slot acquired from other radio 
communication devices and a time slot of communication 
25 reservation designated by the RTS frame, but the collision bit 
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is not used in the case of the nCTS frame. 

[0057] The frame ID 306 identifies the received RTS frame 

to which a response is to be made. For the frame control 301, 
different identifying codes are used respectively in the CTS 
5 frame and nCTS frame . 

[0058] Fig. 5 shows a format of a Keep Alive frame. 

[0059] In Fig. 5, a code for identifying the Keep Alive 

frame is set in the frame control 301. Source station ID 501 
is an identifier which identifies a source radio communication 
10 device, and a MAC address is set therein. Transmission time 
502 indicates the transmission time of the frame, and a 
transmission interval time 503 indicates the cycle of frame 
transmission . 

[0060] Fig. 6 shows a format of a data frame. 

15 [0061] In Fig. 6, source station ID 303 identifies the 

radio communication device which is a source of data, an 
transmitting station ID 601 identifies a radio communication 
device which relays data, receiving station ID 304 identifies 
a radio communication device which is the relay destination 

20 of data, and destination station ID 602 identifies the radio 
communication device which is a final destination of data. In 
the receiving station ID 304 and the destination station ID 
602, respective MAC addresses of radio communication devices 
are set. 

25 [0062] The communication data selection unit 202 selects 
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the above types of data frames by referring to the frame control 
301. 

[0063] When the communication data selection unit 202 

selects a RTS frame, communication information analysis unit 
5 204 extracts the source station ID 303, transmission start time 
307 and the transmission occupied time 308 from the RTS frame 
and registers them in a communication prohibition table 205. 
When the communication data selection unit 202 selects a CTS 
frame and in the case that the source station ID of the CTS 

10 frame is not the MAC address of the receiving radio 
communication device, the communication information analysis 
unit 204 extracts the source station ID 303, the reception start 
time 401 and the reception dedicated time 402 and registers 
them in the communication prohibition table 205. A format of 

15 the communication prohibition table 205 is shown in Fig. 8. 
[0064] In Fig. 8, the source station ID 303 is recorded 

in source ID 801, the time obtained by adding the transmission 
start time to the time when the RTS frame was received is 
recorded in start time of use 803, and the time obtained by 

20 adding the transmission occupied time 308 to the start time 
of use 803 is recorded in transmission occupied time 804. 
Alternatively, the time obtained by adding the reception start 
time to the time when the CTS frame was received is recorded 
in the start time of use 803, and the time obtained by adding 

25 the reception dedicated time to the start time of use 803 is 
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recorded in the transmission occupied time 804. 
[0065] The communication information analysis unit 204 

sets a communication permitting flag in the time slot of 
communication reservation which has already been registered 
5 in a communication reservation table 206 when the source 
station ID which transmitted the CTS frame is the MAC address 
of the receiving radio communication device. The 
communication reservation table 206 is communication 
reservation information stored by the radio communication 
10 device itself when performing transmission to other radio 
communication devices. A format of the communication 
reservation information is shown in Fig. 9. 

[0066] In Fig. 9, the MAC address of the correspondent 

node is recorded in destination ID 902, the time until the start 

15 of the reserved communication is recorded in start time of use 
903, the reserved communication dedicated time is recorded in 
a transmission dedicated time 904, and a flag indicating 
whether there has been a response is recorded in response 906. 
[0067] A communication/response information generation 

20 unit 207 generates the CTS frame responding to the RTS frame 
when it is notified by the communication information analysis 
unit 204 that the radio communication device has received an 
RTS frame addressed to that radio communication device. In 
the present invention, the function of generating the CTS frame 

25 in the communication/response information generation unit 207 
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corresponds to the response information generation unit. At 
this time, the communication/response information generation 
unit 207 checks whether in the communication prohibition table 
205 the whole or a part of the communication-reserved time slot 
5 is included in a registered time slot of another radio 
communication device • 

[0068] The communication/response information 

generation unit 207 also generates the RTS frame for reserving 
communication to other radio communication devices when it 

10 receives a communication reservation request from a 
communication data generation unit 210 which will be described 
below. In the present invention, the function of generating 
the RTS frame in the communication/response information 
generation unit 207 corresponds to the communication 

15 information generation unit. The communication/response 
information generation unit 207 also sets the time until the 
start of transmission of data in an event timer 209. 
[0069] The communication data generation unit 210 

generates a transmission data frame from message content data 

20 and the like which has been transferred from an application 
unit 203 when the communication data generation unit 210 
receives a communication request from the application unit 203 . 
It also instructs the communication/response information 
generation unit 207 to reserve the time slot for transmitting 

25 data. 
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[0070] Communication operations performed by the radio 

communication devices 101 to 104 having the above configuration 
will be explained. 

[0071] First, the basic operational principles will be 

5 explained with reference to the drawing. Fig. 18 is a view 
explaining operational principles of the invention. 
[0072] In the invention, not only a reservation of a 

communication time slot caused by and following just after the 
exchange of RTS/CTS which is made in general, but also a 

10 reservation for a communication time slot after a time lag of 
several milliseconds to several dozen milliseconds (in 
principle, several micro seconds can be possible) is made to 
occupy the communication media. Specifically, as shown in Fig. 
18, when the radio communication device 101 exchanges RTS/CTS 

15 with the radio communication device 102, the device reserves 
a dedicated reservation time "A" at the time removed from the 
RTS. The reservation notification is also made to surrounding 
the radio communication devices 103 and 104 by the exchange 
of RTS/CTS. Therefore, when the radio communication device 

20 103 makes a reservation for dedicated use of the communication 
media, the radio communication device 103 makes a reservation 
for dedicated use of time "B" at a time slot avoiding the 
reserved time "A" as shown in Fig. 18. Accordingly, each radio 
communication device performs scheduling for communication 

25 reservation autonomously based on the dedicated time 
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information in the RTS and CTS which are transmitted or received 
among other radio communication devices in the communicable 
area. A communication operation according to the embodiment 
will be explained in detail as follows. 
5 [0073] In the initial condition, the 

communication/response information generation unit 207 of the 
radio communication devices 101 to 104 continually generates 
Keep Alive frames in a prescribed cycle and transmits them to 
the other radio communication devices in the communicable area 

10 of the transmitting unit 211. 

[0074] At the same time, when the communication data 

selection unit 202 receives the Keep Alive frames from other 
radio communication devices through the receiving unit 201, 
the communication data selection unit 202 detects the radio 

15 communication devices in the communicable area based on the 
source station IDs. 

[0075] Accordingly, the radio communication devices 101 

to 104 notify their presence to one another. Specifically, 
in the position relation between radio communication devices 

20 101 to 104 in the radio communication network in Fig. 1, the 
radio communication device 101 detects the presence of the 
radio communication device 102, and the radio communication 
device 102 detects the presence of the radio communication 
devices 101, 103 and 104. Similarly, the radio communication 

25 device 103 detects the radio communication devices 102 and 104, 
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and the radio communication device 104 detects the radio 
communication devices 102 and 103. 

[0076] Next, an operation of communication reservation, 

where a radio communication device transmits data addressed 
5 to a radio communication device in the communicable area, will 
be explained. 

[0077] Fig. 10 is a flow chart showing an operation of 

transmitting the RTS frame for the communication reservation. 
[ 0078 ] First , when the communication data generation unit 

10 210 receives from the application unit 203 a transmission 
request for transmission of message content data to another 
radio communication device (step S1001), the communication 
data generation unit 210 instructs the communication/response 
information generation unit 207 to reserve a communication. 

15 [007 9] Next, the communication/response information 

generation unit 207 refers to the communication prohibition 
table 205 and finds a time slot in which communication is not 
prohibited. Then, the time slot in which communication is 
possible is registered in the communication reservation table 

20 (step S1002). In the initial state of the communication 
prohibition table 205, no prohibited time slot is recorded, 
but when the radio communication device receives a 
communication reservation not addressed to itself, the 
communication information analysis unit 204 records the 

25 communication-prohibited time slot. 
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[0080] Next, communication/response information 

generation unit 207 sets the transmission start time and the 
transmission dedicated time in transmission start time 307 and 
transmission occupied time 308 of the RTS frame respectively 
to reserve the time slot in which transmission is possible. 
In addition, in generating the RTS frame, its own MAC address 
is set in the source station ID 303 and the destination MAC 
address is set in the receiving station ID 304 (step S1003). 
After that, the communication/response information generation 
unit 207 delivers the RTS frame to the transmitting unit, which 
is sent through the antenna 200 (step S1004). 
[0081] The above is a description of the operations for 

reservation for data transmission by the radio communication 
device . 

[0082] Next, a reception operation and a data 

transmission operation performed by the radio communication 
device will be explained with reference to Fig. 11 to Fig. 13. 
[0083] First, a signal received from the antenna 200 is 

converted to a digital frame in the receiving unit 201 (step 
S1101), and the communication data selection unit 202 selects 
the type of the frame (step S1102). 

[0084] After that, according to the frame type, CTS frame 

processing (S1103), an RTS frame processing (S1104), or other 
processing (processing when a Keep Alive frame, the data frame 
or the like are received) are performed. 
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[0085] Fig. 12 is a flow chart showing the CTS frame 

processing. 

[0086] First, the communication information analysis 

unit 204 judges whether the MAC address in the source station 
5 ID is its own address (step S1201), and when the MAC address 
is not that of the receiver, the start time of use and the 
transmission occupied time 804 found in the transmission start 
time 307 and the transmission occupied time 308 are registered 
in the communication prohibition table 205, associating them 
10 with the source station ID 303 (step S1202). 

[0087] On the other hand, when the MAC address is that 

of receiver, a flag indicating the presence of a response is 
set in response 906 of the communication reservation table 206 
(step S1203) . 

15 [0088] Next, the communication/response information 

generation unit 207 sets the start time of use 903 already 
registered as corresponding to the reception ID of the 
receiving station ID 304 in the communication reservation table 
206 , in the event timer 209 , and starts operation ( step S1204 ) . 

20 [0089] Next, the event timer 209 makes a notification to 

the communication data generation unit 210 when the event timer 
expires (step S1205). On receipt of the notification, the 
communication data generation unit 210 receives message 
content data and the like to be transmitted from the application 

25 unit 203 and generates a data frame (step S1206). Then, the 
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communication data generation unit 210 delivers the generated 
data frame to the transmitting unit 211, where it is sent 
through the antenna 200 (step S1207). 

[0090] Fig. 13 is a flow chart showing the RTS frame 

5 processing. 

[0091] The communication information analysis unit 204 

judges whether the MAC address in the source station ID 303 
of the RTS frame is the address of the receiver (step S1301), 
and when it is not, the start time of use and the transmission 
10 dedicated time found in transmission start time 307 and 
transmission occupied time 308 are registered in the 
communication prohibition table 205, associating them with the 
source station ID 303 (step S1302). 

[0092] On the other hand, when the MAC address is that 

15 of the receiver, it is checked whether there is a time slot 
in the communication prohibition table 205 overlapping with 
even a part of the received communication reservation time slot 
(step S1303 ) . 

[0093] When there is no overlapping time slot, the 

20 communication/response information generation unit 207 judges 
that the reception is possible without interference by other 
radio communication devices and generates a CTS frame (step 
S1304). After that, the communication/response information 
generation unit 207 delivers the CTS frame to the transmitting 
25 unit 211, where it is sent through the antenna 200 (step S1305) . 



31 



[0094] In the step S1303, when there Is an overlapping 

time slot, the overlapping prohibited time slot is calculated 
from the communication-prohibited time slots registered in the 
communication prohibition table 205 (step S1306). 
5 [0095] Next, the communication/response information 

generation unit 207 sets the calculated 

communication -prohibited time slot in the reception start time 
401 and the reception dedicated time 402. Further, a frame 
ID identical with the RTD frame is set in frame ID 306 (step 

10 S1307 ) . In the case that there are plural calculated time slots , 
their reception start times 401 and their reception dedicated 
times 402 are set and the number of pairs are set in the number 
of entries. After that, the communication/response 

information generation unit 20 7 delivers the nCTS frame to the 

15 transmitting unit 211, where it is sent through the antenna 
200 (step S1308) . 

[0096] Other reception processing operations are the 

usual operations, namely, delivery of data and the like from 
the communication data selection unit 202 to the application 
20 unit 203. 

[0097] Operations in which the radio communication 

devices operating as described above perform communication 
with one another in the radio communication network shown in 
Fig. 1 will be explained as follows with reference to Fig. 7. 
25 The case where the radio communication device 101 transmits 
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data to the radio communication device 102 is cited as an 
example . 

[0098] First, the radio communication device 103 

transmits an RTS signal 701 in the area 113 from the 
5 non-directional antenna to make communication with the radio 
communication devices 104 in the communicable area 113. Since 
radio communication device 102 is in the area 113, it receives 
the RTS signal 701 from the radio communication device 103. 
At this time, the radio communication device 102 registers the 

10 transmission dedicated time of the RTS signal 701 in the 
communication prohibition table as a communication-prohibited 
time slot. Fig. 8 shows the registration data at that time, 
in which the MAC address of the source station ID of the received 
RTS signal 701 is recorded in source ID 801, the reception 

15 destination station ID 304 of the received RTS signal 701 is 
recorded in destination ID 802, the transmission start time 
307 of the received RTS signal 701 is recorded in start time 
of use 803, the transmission occupied time 308 of the RTS signal 
701 is recorded in transmission occupied time 804, the frame 

20 ID 306 of the received RTS signal 701 is recorded in frame ID 
805 and the channel number (CH) 310 of the received RTS signal 
701 is recorded in reception channel ID 806. 

[0099] Next, a CTS signal 702 is sent from the radio 

communication device 104 to the radio communication devices 
25 103 in the area 114. The radio communication device 102 is also 
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located In the area 114, and therefore It receives the CTS 
signal 702. At this time, the radio communication device 102 
tries to register in the communication prohibition table as 
a communication-prohibited time slot, however, registration 
5 has already been done when it receives the RTS signal 701, and 
so the registration is not performed again. 

[0100] Next, the radio communication device 101 transmits 

a RTS signal 703 to start communication with the radio 
communication device 102 located in the communicable area 111. 

10 [0101] Next, when the radio communication device 102 

receives the RTS signal 703 from the radio communication device 
101, the radio communication device 102 recognizes that the 
radio communication device 101 requests communication to the 
radio communication device 102, based on the source station 

15 ID 303 and the receiving station ID 304 of the RTS frame. The 
radio communication device 102 detects the time slot of data 
transmission from the transmission start time 307 and the 
transmission occupied time 308. When the radio communication 
device 102 refers to the communication prohibition table 205 

20 and detects that the detected time slot is in the same channel 
and partially overlaps the time slot of communication between 
the radio communication device 103 and the radio communication 
device 104 which has been previously recorded, the radio 
communication device 102 notifies the radio communication 

25 device 101 that the reception in the designated time slot cannot 
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be performed and gives the communication-prohibited time slot 
by an nCTS signal 704. However, when the channel in the 
communication prohibition table 205 is a different channel, 
the radio communication device 102 sends a CTS signal in 
5 response to the RTS signal in the usual manner. The radio 
communication device 102 prohibits communication in all 
communication-prohibited time slots registered in the 
communication prohibition table 205. 

[0102] Next, when the radio communication device 101 

10 receives a nCTS signal 704, it finds a time slot where 
transmission is possible, eliminating the 

communication-prohibited time slots which has been notified 
by the radio communication device 102, and again reserves 
communication by designating the found time slot in a RTS signal 
15 705. 

[0103] Next, when the radio communication device 102 

receives an RTS signal 705, it confirms that the time slot 
reserved does not overlap with the communication -prohibited 
time slot which is registered in the communication prohibition 

20 table 205 and transmits a CTS signal 706 to the radio 
communication device 101. Further, CTS signal 706 is 
registered in the communication reservation table so that the 
radio communication device 102 refuses transmissions to it from 
other radio communication devices. Fig. 9 shows the 

25 registered data at that time; the source station ID 303 of the 
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RTS signal 705 is recorded in source ID 901, the receiving 
station ID 304 of the RTS signal 705 is recorded in destination 
ID 902, the transmission start time 307 of the RTS signal 705 
is recorded in start time of use 903, the transmission occupied 
5 time 308 of the RTS signal 705 is recorded in transmission 
dedicated time 904, the frame ID 306 of the RTS signal 705 is 
recorded in frame ID 905 and "Otzero)" is recorded in response 
906. 

[0104] Next, when the CTS signal 706 is received and it 

10 is judged that communication is possible, the radio 
communication device 101 sets the transmission start time "tl" 
in the event timer 209 and starts operation. At this time, 
the CTS signal is also transmitted to the radio communication 
device 103 and the radio communication device 104 which are 

15 located in the communicable area 112 of the radio communication 
device 102, and therefore the radio communication device 103 
and the radio communication device 104 record as the 
communication-prohibited time slot respectively in the same 
way as the radio communication device 102. 

20 [0105] After that, data transmissions 707 to 708 are 

performed from the radio communication device 103 to the radio 
communication device 104. At this time, the radio 
communication device 102 receives these data transmissions but 
ignores them as they are not addressed to it. 

25 [0106] Next, the radio communication device 101 performs 
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data transmissions 709 to 710 after the set transmission start 
time "tl" has passed, which are received by the radio 
communication device 102 . When the radio communication device 
101 still has data to be transmitted at the end of the time 
5 slot in which communication is reserved, or when it wants to 
transmit data to the radio communication device 102 by 
synchronizing timing with it, it gives notice of continuation 
of data and the time n t2" when the next RTS signal will 
transmitted, by a signal 711. The frame used at this time is 

10 the same as the RTS frame. 

[0107] Next, when the radio communication device 102 

acquires the time n t2" when an RTS signal 712 is to be 
transmitted, it registers the time in the communication 
reservation table so as to refuse transmissions to it from other 

15 radio communication devices. 

[0108] Next, the radio communication device 101 transmits 

the RTS signal to the radio communication device 102 at the 
designated time "t2" to reserve communication. At this time, 
a new transmission start time " t3" is given. 

20 [0109] Subsequent operations are the same as the 

operations after receiving the RTS signal 705. When the radio 
communication device 102 receives the RTS signal 712, it 
confirms that the time slot does not overlap with a 
communication-prohibited time slot which is registered in the 

25 communication prohibition table 205 and transmits a CTS signal 
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713 to the radio communication device 101. After the time n t3" 
has passed, the radio communication device 101 performs data 
transmissions 714 to 715 and the radio communication device 
102 receives them. 
5 [0110] In the present embodiment, notification of the 

communication -prohibited time slots is made from the 
destination radio communication device to the source radio 
communication device, but the embodiment is not limited to this, 
and it is possible that a time slot in which communication is 
10 permitted is given. According to this, only a time slot which 
is suitable for the receiving radio communication device is 
notified, and as a result, it becomes possible to make a shorter 
CTS frame than where plural communication-prohibited time 
slots are given. 

15 [0111] Also, in the embodiment, the radio communication 

device 102 gives notice that reception is not permitted and 
gives the communication-prohibited time slot using the nCTS 
frame when the communication reservation from the radio 
communication device 101 overlaps with a 

20 communication -prohibited time slot, but the embodiment is not 
limited to this, and it is possible to give notice only that 
reception is not permitted, by setting the collision bit (CO) 
309 of the CTS frame. In this case, the source radio 
communication device receives the notification that reception 

25 is not permitted and, if necessary, inquires of the destination 
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radio communication device about the communication-prohibited 
time slots. Then, it is possible that the destination radio 
communication device responds to the inquiry and gives the 
communication -prohibited time slots. According to this, the 
5 source radio communication device does not inquire as to the 
communication-prohibited time slots, if not necessary, and 
therefore the source and destination radio communication 
devices do not have to perform unnecessary data transmission. 
[0112] As described above, according to the invention, 

10 the radio communication device in question can receive the RTS 
signals sent from other radio communication devices in the 
communicable area, and therefore the device in question can 
know the time slots used by other radio communication devices 
to perform their communication with devices other than the 

15 device in question. Therefore, the communication addressed 
to the device in question can be performed at times other than 
the time slots in which other radio communication devices 
perform data transmission, and as a result, the device in 
question can receive data addressed to it without interf erence . 

20 [0113] The data-receiving radio communication device 

according to the embodiment gives notice of a collision to the 
source radio communication device when the collision of 
communication reservation time occurs, but the embodiment is 
not limited to this, and it is possible that, at that time, 

25 a normal response frame is sent and that when the collision 
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occurs after transmitting actual data, a response frame in 
which the collision bit is set and the communication- available 
time is written is sent back. In the response frame, a 
transmission prohibited time slot or a transmittable time slot 
5 from the point of collision until a certain time is written. 
Accordingly, the source radio communication device receives 
the response frame, and as a result, the next reservation can 
be made without collision. 

[0114] The radio communication device according to the 

10 invention can also send or receive the RTS signal at any time, 
and therefore the possibility of reception failure caused by 
the collision of the RTS signal is low. Accordingly, it is 
easy to realize the above operation. 

[0115] The radio communication device according to the 

15 invention gives notice of the communication time of the RTS 
signal to be transmitted next at the end of a data transmission, 
and therefore the RTS signal can be received more precisely. 
By fixing the transmission start time from the RTS signal, 
synchronized data communication with the destination becomes 
20 possible. 

[0116] Furthermore, the radio communication device 

according to the invention can receive the RTS signal at any 
time, and therefore the radio communication devices in the 
communicable area can receive broadcasts transmitted from 
25 other radio communication devices. 
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[0117] The radio communication device according to the 

invention can also perform communication using plural channels 
simultaneously, and therefore larger capacity communication 
becomes possible. 
[0118] (Embodiment 2) 

Fig. 14 is a block diagram showing a configuration of 
a radio communication device according to the embodiment. It 
differs from the configuration of the radio communication 
device written in the embodiment 1 in that a narrowband 
receiving unit 1402 and a narrowband transmitting unit 1401 
in which transmission and reception can be performed only in 
a narrow-band channel are included, in addition to the 
receiving unit 201 and the transmitting unit 211. 
[0119] In Fig. 14, the narrowband transmitting unit 1401 

has a transmission channel which is limited to less than or 
equal to a previously prescribed value, and transmits an RTS 
signal or a CTS signal. The transmitting unit 211 is used for 
data transmission and the like, the communication/response 
information generation unit 207 transmits the RTS signal or 
the CTS signal to the narrowband transmitting unit 1401. 
[0120] The narrowband receiving unit 1402 has a reception 

channel which is limited to less than or equal to the previously 
prescribed value and which receives an RTS signal or CTS signal . 
The communication data selection unit 202 selects frames from 
the receiving unit 201 and the narrowband receiving unit 1402, 
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and instructs the receiving unit 201 to save power when data 
reception is completed, shifting to a RTS signal reception mode, 
or instructs the receiving unit 201 to return from the power 
saving mode when shifting to a data reception mode. 
5 [0121] The receiving unit 201 stops its receiving 

function when it receives the notification for power saving 
from the communication data selection unit 202, and goes into 
the power saving mode until it receives the instruction for 
the return . 

10 [0122] Components other than the above are the same as 

the embodiment 1 . 

[0123] The communication operations are also the same as 

the embodiment 1 except that the RTS signal and the CTS signal 
are transmitted from the narrowband transmitting unit 1401 and 
15 that the RTS signal and the CTS signal are received in the 
narrowband receiving unit 1402. 

[0124] Thus, the narrowband radio communication is 

performed by the RTS signal and the CTS signal, and therefore 
when the data transmission and reception are completed, an UWB 

20 radio communication device can put the receiving unit 201 into 
the power saving mode until it receives the RTS signal. 
Accordingly, even when the UWB radio communication device which 
requires much power for carrier sense of UWB is in a receivable 
state for the RTS signal at any time, power consumption can 

25 be suppressed. 
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[0125] (Embodiment 3) 

Fig. 15 is a block diagram showing a configuration of 
a radio communication device according to the embodiment. 
[0126] In Fig. 15, the embodiment differs from embodiment 

5 1 in that a collision counter 1501 and an nCTS counter 1502 
are included. 

[0127] The collision counter 1501 counts the number of 

times the collision occurs per unit time. 

[0128] Operations of the radio communication device 

10 according to the embodiment will be explained as follows. The 
only different point from the embodiment 1 is the processing 
when an RTS frame is received, and other processing operations 
are the same. 

[0129] Fig. 16 is a flow chart showing a processing when 

15 the communication data selection unit 202 judges a frame to 
be an RTS frame, which corresponds to the operation of step 
S1104 . 

[0130] In Fig. 16, operations from step S1301 to step 

S1305 are the same as the embodiment 1. 

20 [0131] In the step S1303, when the communication/response 

information generation unit 207 judges that there is an overlap 
between the received communication reservation time slot and 
a communication-prohibited time slot registered in the 
communication prohibition table 205 even partially, the 

25 collision counter is incremented (step S1601). As a result. 
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when the counter value is less than the predetermined number 
of times, three in this embodiment (step S1602), the process 
proceeds to step S1304 , and the CTS frame is transmitted without 
setting the collision bit 309. 
5 [0132] On the other hand, when the counter value is more 

than or equal to three, the nCTS counter 1502 is incremented 
(step S1603) . When, as a result, the counter value of the nCTS 
counter 1502 is less than a predetermined number, one time in 
this embodiment (step S1604), the process proceeds to step 
10 S1304. 

[0133] In the case that the counter value of the nCTS 

counter is more than or equal to one (step S1604), a 
communication-prohibited time slot is calculated from the 
communication prohibition table 205 (step S1306). The 
15 processings from this step (step S1306) to step S1308 are the 
same as in embodiment 1, namely, the nCTS frame in which the 
communication-prohibited time slot is set is transmitted to 
the source radio communication device . 

[0134] The collision counter 1501 and the nCTS counter 

20 1502 are reset every second by a timer which is not shown. 
[0135] In the embodiment, the judgment to transmit the 

nCTS frame based on the collision frequency is made when 
collisions three or more times in a second occur and when the 
nCTS counter reads one or more, but the embodiment is not 
25 limited to this, and the above judgment can be made when 



44 

collisions three or more times in a second occur, and when the 
ratio of the communication-prohibited time slots to the total 
time of the communication-permitted time slots and the 
communication-prohibited time slots becomes more than or equal 

5 to 30%. Alternatively, the detection of collision can be made 
by confirming that data cannot be received from the radio 
communication device that has a reservation in a time slot where 
a transmission prohibited time slot found by the radio 
communication device and a communication reservation time slot 
10 for communication addressed to the receiver overlap. 

[0136] The above judgment not limited to the above, and 

can be made in a different way. 

[0137] Also in the embodiment, as is the case with the 

embodiment 1, the destination radio communication device makes 

15 a notification using the nCTS frame that the reception is not 
permitted and of the communication-prohibited time slot, when 
the number of collisions are more than or equal to the 
predetermined number of times , but the embodiment is not 
limited to this, and it is possible merely to make a 

20 notification that the reception is not permitted by setting 
the collision bit (CO) 309 of the CTS frame. 
[0138] In the same way as the embodiment 1 , when the source 

radio communication device receives the nCTS frame, the source 
radio communication device finds a time slot adapted to a 

25 transmission condition in the time slots other than the 
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communication -prohibited time slot notified from the 
destination radio communication device, and reserves 
communication anew by designating the found time slot in the 
RTS signal, 

5 [0139] It is also possible that , in the same way as the 

embodiment 1, when the source radio communication device 
receives the nCTS frame, the source radio communication device 
inquires of the destination radio communication device about 
the communication-prohibited time slot, and the destination 
10 radio communication device responds to the inquiry giving the 
communication -prohibited time slot. 

[0140] According to this, the source radio communication 

device does not inquire as to the communication-prohibited time 
slot if not necessary, and therefore the source and destination 
15 radio communication devices do not have to perform unnecessary 
transmission of information. 

[0141] The source radio communication device also selects 

a time slot among the transmission prohibited time slots or 
the transmission-permitted time slots received from the 

20 destination radio communication device which satisfies a 
prescribed condition, for example, a time slot longer than a 
certain period of time, and again transmits that time slot to 
the destination radio communication device as communication 
time reservation request information. 

25 [0142] In this manner, the reservation can be transmitted 
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by confirming the time slot in which communication is possible 
in advance. 

[0143] As described above, when the communication 

reservation of a time slot which overlaps with a 
5 communication-prohibited time slot is requested, the radio 
communication device according to the embodiment does not 
respond to the source radio communication device with the 
notification of collision and non-permission of communication 
until such collision occurs a predetermined number of times. 

10 Further, in the case that the collision frequency decreases, 
the radio communication device does not respond to the source 
radio communication device with the notification of collision 
and non-permission of communication again. Therefore, it is 
possible that under conditions where the collision frequency 

15 is low and there is no interference for continuing 
communication, the communication continues, and the operation 
of re-designating the time slot in order to avoid collision 
is performed only in the case where the collision frequency 
increases . 

20 [0144] (Embodiment 4) 

A configuration of a radio communication device 
according to this embodiment is the same as embodiment 3, but 
a part of the function of the communication/response 
information generation unit 207 differs. Specifically, when 

25 the communication/response information generation unit 207 
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receives a RTS signal not addressed to it, it checks the 
collision counter 1501. Then, the unit sets its station ID 
in place of the source station ID 303 and the receiving station 
ID 304 in the received RTS signal, and adjusts the reservation 
5 time. After that, the communication/response information 
generation unit 207 re-generates an RTS signal and outputs it 
to the transmitting unit 211. 

[0145] Operations of the radio communication device 

according to the embodiment will be explained as follows. The 
10 only operation different from embodiment 3 is the processing 
when the RTS frame is received, and the other processing 
operations are the same. 

[0146] Fig. 17 is a flow chart showing the processing when 

the communication data selection unit 202 judges the frame to 
15 be an RTS frame. This processing corresponds to the operations 
of step S1104 in Fig. 11. 

[0147] In Fig. 17, the processing after the communication 

m 

data selection unit 202 receives an RTS signal not addressed 
to it (step S1302 and from step S1702 to step S1703) is different 
20 from the embodiment 3, but the other processing operations are 
the same. The processing different from the embodiment 3 is 
explained as follows . 

[0148] The communication information analysis unit 204 

extracts the communication prohibited time slot from the 
25 received RTS frame and registers it in the communication 
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prohibition table 205 (step S1302). 

[0149 ] Next , when the counter value of the collision 

counter 1501 is less than the predetermined number of times, 
for example, not more than or equal to 10 times (step S1701), 
5 the communication/response information generation unit 207 
ends the processing, and when the counter value is more than 
or equal to ten (step S1701) , it generates an RTS frame in which 
its station ID replaces the source station ID and the 
destination station ID in the received RTS frame and also 

10 reservation time is adjusted (step S1702) . Then, the RTS frame 
in which a relay bit 311 is "on" is transmitted (the RTS in 
which the relay bit is "on" is not relayed again) . After that, 
the communication/response information generation unit 207 
delivers the RTS frame to the transmitting unit 211, where it 

15 is transmitted from the antenna 200 (step S1703). 

[0150] As described above, when the collision frequency 

is high the radio communication device according to the 
embodiment forwards a received RTS signal not addressed to it 
in the communicable area. Specifically, in the radio 

20 communication network shown in Fig. 1, when the radio 
communication device 102 receives the RTS signal from the radio 
communication device 103, the radio communication device 102 
forwards the RTS signal to the radio communication device 101. 
[0151] In this manner, the radio communication device 101 

25 does not receive the RTS signal from the radio communication 
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device 103, but it can receive the RTS signal forwarded by the 
radio communication device 102, and since the device has 
received an RTS signal not addressed to it, it registers that 
communication reservation time slot in the communication 
5 prohibition table 205. At this time, the addresses in source 
station ID and destination station ID are the same, and 
therefore the radio communication device 101 can recognize that 
the transmission station of the remade RTS is the radio 
communication device 102, and as a result, the radio 

10 communication device 101 can make a communication reservation 
which avoids that time slot when starting communication with 
the radio communication device 102. 
[0152] (Embodiment 5) 

The configuration of a radio communication device 

15 according to this embodiment is the same as embodiment 3, except 
that the collision counter 1501 is used by the radio 
communication device transmitting the RTS. A radio 
communication device which transmits an RTS sends a request 
for communication reservation of a certain time slot through 

20 the RTS frame, and a radio communication device which transmits 
CTS responds with the CTS frame. At this time, when the radio 
communication device which transmits the CTS detects a 
collision of the reservation time, the device transmits a CTS 
frame in which a collision bit is added. The transmitting radio 

25 communication device sees the collision bit in the received 



50 

CTS frame and records it in a CTS counter (in this case, the 
nCTS counter 1502 is referred to by this name). The 
transmitting radio communication device actually attempts 
transmission of data, and if the data transmission is completed 
5 normally, the CTS counter is cleared. In the case that some 
abnormality occurs, the transmitting radio communication 
device counts up the collision counter and records the 
occurrence of collision. Note that the CTS counter and the 
collision counter are provided in every radio communication 

10 device correspondent node. 

[0153] When the radio communication device which 

transmits data refers to the collision counter and detects the 
collisions of N or more frames in a certain period of time, 
the device transmits a transmittable time request frame before 

15 the next transmission to the radio communication device 
correspondent node with which the collisions occurred. In 
this frame, a time slot in which the radio communication device 
itself desires to perform transmission is written in the format 
of the RTS frame (the frame control is different from the RTS) . 

20 When the receiving radio communication device receives the 
frame, it responds concerning the time slot in which reception 
is possible with a transmittable time response frame. The 
configuration of this frame is the same as the CTS frame, except 
that the frame control is different. 

25 [0154] The transmitting radio communication device which 
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has received the transmittable time response frame responds 
giving the time slots which are not prohibited, referring to 
its reservation prohibition table. In this way, the 
transmitting radio communication device already knows the time 
5 slot in which the RTS can be transmitted and therefore the 
collision of the reservation time does not occur. 
[0155] An actual operation flow of the transmitting radio 

communication device is shown in Fig. 19. 

[0156] In Fig. 19, first, when the communication data 

10 generation unit 210 receives a data transmission request from 
the application unit 203 (step S1801), the communication data 
generation unit 210 checks the collision counter 1501 (step 
S1802). The collision counter 1501 is counted up when data 
transmission fails if a collision bit is recorded in the CTS 

15 counter 1502. When the collision counter is more than or equal 
to the prescribed value , the communication data generation unit 
210 transmits a transmittable time request frame to the 
correspondent node to which the data is to sent (step S1803). 
[0157] According to this, when a transmittable time 

20 response frame is transmitted from the correspondent node radio 
communication device (step S1804), the communication 
information analysis unit 204 calculates the transmittable 
time during which data transmission is actually performed based 
on the transmittable time written in the transmittable time 

25 response frame (step S1805). Then, the communication data 
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generation unit 210 generates and transmits the RTS frame 
according to the result (step S1806). 

[0158] Next, when the receiving unit 201 receives the 

response frame (step S1807) , the communication data selection 
5 unit 202 selects the frame type (step S1808) . If the received 
frame is a CTS frame, the communication data selection unit 
202 delivers the frame to the communication information 
analysis unit 204. The communication information analysis 
unit 204 performs the CTS frame processing (step S1809), then, 
10 counts up the CTS counter if the collision bit is set (step 
S1811). With the above operations, the processing of 
communication reservation is completed. 

[0159 ] On the other hand, in the step S1808 , when the frame 

type is other than the CTS frame, respective frame processings 
15 are performed (step S1812). Thus, the processing of 
communication reservation is completed. 

[0160] In this manner, when the transmitting radio 

communication device fails to make a transmission repeatedly 
with a certain radio communication device correspondent node, 

20 they can be in a position relation of communication reservation 
collision. Consequently, before sending data, the 

transmitting radio communication device confirms the times 
which can be reserved with an RTS, based on the request frame 
of reservation-available time and the response frame of 

25 reservation-available time, and gives notification of the 
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confirmed times when reservation can be made with an RTS frame, 
and as a result, the collision of communication reservation 
can be prevented. 
Industrial Applicability 
5 The invention is a useful radio communication method and 

radio communication device when performing ad hoc 
communication and the like, suitable for avoiding 
communication collision with other radio communication 
devices . 



